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Major accomplishments during the first three months of this project were realized in several different areas of research. In particular, a very comprehensive investigation of the sensitivity of seismic magnitudes, which are used to estimate explosion yields, to variations in near source material properties was carried out. By means of this study utilizing the general characteristics of seismic waveforms to obtain reliable estimates of explosion yields. In order to realize these objectives, activity on this program during the first three months of the contract period was concentrated in the following areas:
1. Study of the dependence of teleseismic magnitude on near source material properties.
2. Prediction of teleseismic ground motion for specific NTS explosions.
3. Improvements in computational capabilities.
The plan of the remainder of this report is a technical discussion of each of these three research areas, followed by a section summarizing the most important results obtained to date.
INTRODUCTION
A key requirement for predicting both body and surface wave teleseismic ground motion from a nuclear explosion is the specification of the equivalent elastic source of the explosion. Computational techniques and material models have been developed at S 3 which permit a prediction of the equivalent elastic source given the yield of the explosion and the material properties of the near source geologic environment.
In the case of a spherically symmetric explosion source a convenient representation of the equivalent elastic source is given in terms of the steady state value of the ^educed displacement potential (RDP) , ^ (oo) (Cherry, et al. ) .
A particularly important relationship between the teleseismically determined bodywave magnitude, m b , and 4^ is m. ~ log D (00) (3.1) [2] where C is the near source sound speed (Cherry, et al. ) .
This relationship will be used often in the following subsections of this report. (1) the air-filled volume fraction, 4^; (2) the elastic limit of the pressure, P e ; (3) the crush or compaction pressure, P c ; Flow chart for one-dimensional sensitivity study. One last parameter, the overburden pressure, P , is o included in the one-dimensional sensitivity study. Even though the overburden pressure is a depth of burial parameter it is included as part of the parameter study.
Water Content Parameter Study
The effects of water content on seismic coupling were studied using SKIPPER, a one-dimensional Lagrangian nonlinear wave propagation code. The reduced displacement potential (RDP) was calculated for five fully saturated tuffs having different mass fractions of water (f ). Fully saturated tuffs were chosen for this study in order to eliminate the effects of air-filled voids.
The tuffs were modeled using the Tabular Array of Mixtures Equation Of State (TAMEOS). For a given mass fraction of water, the TAMEOS scheme mixes dry rock, modeled by a MieGruneisen equation of state, with water, assuming that the
components of the mixture are in pressure equilibrium. Thus, the pressure, specific volume, and specific internal energy of the mixture (P m , V , and e^ respectively) are given by the following equations:
w r w w e =(l-f)e +f e m w r w w where the subscripts r and w refer to the rock and water components.
Five calculations were made for tuffs with material properties as given in Table 3 Table 3 .1. RDP decreases as more water is added into the mixture. RDP/C , a measure of the seismic amplitude, is o also plotted. This also decreases as water content is increased.
The decrease in seismic coupling, as the amount of water in the water-rock mixture is increased, is to be expected. Since water is more compressible than rock, the amount of energy dissipated in the form of heat via shock loading increases with increasing water content, resulting in less energy available for conversion into seismic radiation.
The column headed Am in Table 3 where i|) ( 0O ) and ^ ( 0O ) correspond to two sets of rr.aLerial
properties in Table 3 .1 and likewise for the sound speeds C and C . The significant point about the Am values in 2 Table 3 .1 is that for a variation of the mass fraction of water of 19 percent the change in magnitude is only 0.09 units.
As we shall see in the next subsection of this report, there are several other parameters that exert a stronger influence on magnitude.
The Rfrect of Source Description, Unconfined Yield Strength, Seismic Velocity and Shear Modulus on Seismic Magnitudes
The effect of source description and material properties on the RDP were determined by performing calculations with the SKIPPER code. A recent S 3 report identifies and describes a number of material parameters that strongly influence teleseisraically recorded ground motion from an underground explosion and presents the results of a sensitivity study performed on those parameters. The results of that study are presented here in Table 3 Results of the new sensitivity calculations are presented in Table 3 .3. The parameters $ , P , P , P , P and 0 C U Hl Q f (or p ) were held constant at the values presented for calw o culation No. 5 in Table 3 .2. The near source seismic velocity, c, the shear modulus, y, and the unconfined yield strength, Y , o were varied systematically. Calculation No. 13 in Table 3.3 is identical to calculation No. 5 in Table 3 .2 except that the new source description was used in Table 3 Table 3 .3.
'■*■■■
Referring to Table 3 .3 (calculations 13, 18, and 19) we see 'that increasing the unconfined yield strength, Y , o decreases the seismic magnitude. This result is consistent with earlier calculations which showed that increasing Y MAV and decreasing P both cause the seismic magnitude to be lowered. In general, if any parameter is varied such that the strength of the material is enhanced, the seismic magnitude will be reduced. Calculations 13, 16, and 17 indicate that increasing the shear modulus reduces ground motion coupling. Finally, calculations 13, 14, and 15 show that increasing the sound speed also decreases seismic magnitude.
PREDICTION OF TELESEISMIC GROUND MOTION FROM THE PAHUTE MESA EXPLOSION, MAST
Reported here is a calculation, using the SKIPPER code, of the near source seismic coupling of Mast, a nuclear event detonated recently in the rhyolite lava of Pahute Mesa. We were provided with a CEP document that summarized data on the material properties for Mast.
Additional material properties data were deemed necessary, however, in order to define an equation of state. In particular, no information was available on shear modulus, bulk modulus, or failure surface. Since hydrostatic load-unload data were also not available, we chose to use the TAMEOS fast table lookup mixture equation of state scheme. Recognizing that the given sound speed was quite high, and therefore both the bulk modulus and shear modulus must be large, a high bulk modulus was chosen for the rock component. The TAMEOS scheme assumes pressure equilibrium between the rock and water com- where At is the time step of the calculation and 6 is a constant, chosen to be 20 * 10 sec. This relaxation is conceptually similar to a Maxwell solid and introduces viscoelasticity into the material model for high stresses.
Using the above material modeling, a SKIPPER calculation was made for a nominal device yield of 20 tons. In order to determine the seismic coupling, the calculation was continued until the response of the rock-water mixture became elastic. Displacement, velocity, radial stress, and reduced displacement potential (RDP) were monitored at a station in the rhyolite located 132 meters from the working point. The steady state value of RDP, defined as nx 2 where n is o the static displacement at position X , was computed at many o stations, all giving 6.9 * 10* cm. Thus, the material response is in fact elastic. The RDP iM 00 ) , is a measure of seismic ;: 23 With the equivalent elastic source calculated for
Mast we are now in a position to begin computation of synthetic seismograms at specified receiver locations, which were recently furnished by the Project Officer.
CODE DEVELOPMENT
A new calculational tool has been developed to facilitate those areas of the parameter study which involve phenomena not amenable to a spherically symmetric description. The inclusion of free surface generated interference effects and water table effects both require a two-dimensional description at late times. A LINK subroutine has been developed which permits the early time part of a given calculation to be performed with SKIPPER, a spherically symmetric stress wave code.
The SKIPPER variables are written on tape at a time before the spherical shock reaches a free surface or submerged layer. 
